One of the hallmarks of Alzheimer's disease (AD) in the brain are amyloid- (A) plaques, and metal ions such as copper(II) and zinc(II) have been shown to play a role in the aggregation and toxicity of the A peptide, the major constituent of these 
Introduction 1
Dementias are progressive pathophysiological disorders characterized by 2 neuronal cell loss and severe cognitive impairment. [1] [2] [3] The higher prevalence of these 3 neurodegenerative processes in the elderly, and the increased life expectancy in many 4 countries, represents a significant burden on healthcare systems around the globe. 5
There are over 35 million people worldwide displaying dementia symptoms and this 6 number is expected to double by 2030 (65.7 million) and more than triple by 2050 7 (115.4 million).
2, 4-5 Alzheimer's Disease (AD) is the most common type of dementia 8 and is characterized by oxidative stress, misfolded proteins, neuronal cell loss, and 9 eventually death. 2, [6] [7] The mechanism underlying the causes and progression of AD is 10 subject to enormous research efforts, and the search for new and effective therapies is 11 justified by the lack of effective treatment options. [8] [9] 12 Diagnosis of AD, as opposed to other forms of dementia, requires post-mortem 13 examination of the brain to determine the severity of neuropathological hallmarks of the 14 disease; amyloid-beta (A) plaques and neurofibrillary tangles. Neurofibrillary tangles 15 are intracellular fibrillar aggregates of oxidatively-modified and hyperphosphorylated 16 microtubule-associated protein tau. 10 A-plaques are extracellular deposits of fibrils and 17 amorphous aggregates of the A peptide (vide infra). The amyloid hypothesis has long 18 been the dominant theory to explain the cause of AD, postulating that A plaque 19 depositions, or partially aggregated soluble A, trigger a neurotoxic cascade causing 20 AD pathology. [11] [12] [13] Soluble forms of Aβ better correlate with memory impairment and 21 AD progression in comparison to A plaques, 14 however, nearly all aggregated forms 22 exhibit toxicity. Metal ions, such as Cu II , Zn II and Fe III exhibit a relatively high binding 23 affinity with the A peptide, [15] [16] [17] [18] and this process can modulate aggregation, [19] [20] [21] induce 24 the formation toxic oligomers and reactive oxygen species (ROS) leading to oxidative 25 stress. [22] [23] A plaques are the most prominent pathological feature of AD, however 26 soluble oligomeric forms of the peptide (approximately 1% of total Ain brainhave 27 been found to show a better correlation with disease progression. 14, [24] [25] When Zn II binds 28 to A there is an increase in the formation of non-fibrillar aggregates 22, 26 without 29 causing an oxidative cascade, whereas the Cu II -Ainteraction generates non-fibrillar 30 aggregates (oligomer stabilization) 22 , 27-29 and oxidative damage likely via ROS 31 generation. 30 Cellular toxicity studies in neuroblastoma cell lines have shown that Zn II 32 reduces A 1-42 toxicity, while Cu II significantly increases A 1-42 neurotoxicity. 22 For 33 these reasons, despite the fact that both Cu II and Zn II precipitate A, it has been 34 postulated that the Zn II -A interaction exhibits an overall protective effect in the 35 brain. 26, 30 We have thus chosen to focus on modulating the Cu II -A interaction in this 36 work. 37 The development of metal-protein attenuating compounds (MPAC) is a 38 promising therapeutic approach for AD treatment. Targeting the metal-Ainteraction in 39 the extracellular environment could normalize the distribution of both metal ions and 40
Apeptide in brain tissue and cerebrospinal fluid.
24, 31-34 Clioquinol (5-chloro-7-iodo-8-41 hydroxyquinoline, HCQ, Fig. 1 Single-crystal X-ray diffraction measurements of 8-H 2 QH were carried out on a 144 GEMINI-Ultra diffractometer (LabCri-UFMG) using graphite-Enhance Source Mo Kα 145 radiation (λ=0.71073 Å) at 150 K. Data collection, cell refinement results, and data 146 reduction were performed using the CRYSALISPRO software. 60 The semi-empirical 147 from equivalents absorption correction method was applied. 60 The structure was solved 148 by direct methods using SHELXS-97. Full-matrix least-squares refinement procedure 149 on F 2 with anisotropic thermal parameters was carried out using SHELXL-97. 61 
150
Positional and anisotropic atomic displacement parameters were refined for all non-151 hydrogen atoms. Hydrogen atoms were placed geometrically and the positional 152 parameters were refined using a riding model. A molecular plot and crystal packing 153 figures were prepared using ORTEP 62 and MERCURY 63 , respectively. Tables were 154 generated using WINGX suite. 64 A summary of the crystal data, data collection details 155 and refinement results are listed in Table 1 . 156 water. To achieve complete dissolution of the peptide, sonication for 1 minute followed 203 by a 30 second pause was repeated twice. 9 A 20 mM HEPES buffer solution containing 204 150 mM NaCl was prepared and treated with Chelex in deionized water at pH 6. Substrate kit was used to visualize the A species using a FUJIFILM Luminescent 235
Insert
Image Analyzer (LAS-4000). 236
Samples were prepared from the Western blot assay after the 24 hour incubation time at 239 37 °C. TEM grids were prepared following previously reported methods. 9, 76 In order to 240 increase hydrophilicity, the Formvar/Carbon 300-mesh grids (Electron Microscopy 241 Sciences) were glow discharged in a vacuum for 15 seconds. Drops of samples (10 L) 242 were placed onto a sheet of parafilm and the TEM grid was laid on the drop for 5 243 minutes. The grid was then placed on the first drop of syringe-filtered 5% uranyl acetate 244 and immediately removed, repeated for the second drop, then placed on the third drop to 245 incubate for 1 minute. Excess uranyl acetate was removed using a tissue between drops. 246
The grid was allowed to air-dry for at least 15 minutes. Bright field images were 247 and 100 mg mL -1 streptomycin (GIBCO BRL, Grand Island, NY) enriched with 2 mM 258 of L-glutamine and 10% of fetal bovine serum (leukemic cells) or 5% (adherent cells). 259
All cultures were maintained at 37 ºC in a humidified incubator with 5% CO 2 and 95% 260 air. The media was changed twice a week and they were regularly examined. 261 HL60 and Jurkat cells were inoculated at 50,000 and 100,000 cells/well, respectively, 263
and MDA-MB cells were inoculated at 10,000 cells/well. The plates were pre-incubated 264
for 24 h at 37 ºC to allow adaptation of cells prior to the addition of the test compounds. 265
Freshly prepared solutions of the different compounds were tested at 10 μM. 266
Subsequently, the plates were inoculated for 48 h in 5% CO 2 79 Hydrazones have been reported to exist as tautomeric 289 enolimines with the speciation dependent on electronic and structural effects, including 290 inter-and intra-molecular hydrogen bonding. [80] [81] Both the keto and enol forms were 291 observed by 1 H NMR and 13 C NMR for 8-H 2 QH in solution (Fig. S1) . However, the X-292 ray crystallographic structural analysis indicates that in the solid state this compound 293 exists only in the keto form. 294
Insert Scheme 1 295

Crystal Structure Determination 296
The ORTEP diagram of 8-H 2 QH is shown in Fig. 2 . Selected intramolecular bond 297 lengths and angles, and hydrogen bonding parameters in the structure of 8-H 2 QH are 298 given in Tables S1 and S2 (Supporting Information), respectively. 8-H 2 QH crystalizes 299 with two independent molecules of the hydrazone (A and B, Fig. S2 ) per asymmetric 300 unit. Since the geometrical parameters of the two molecules are similar (see Table 2 and 301 S1), we will further describe molecule A here. 302
Insert Fig. 2  303 In A the C9-N2 and C10-O2 interatomic distances indicate double bond character 304 (Table 2 Table S2 ) involving A and B lead to the formation of an infinite two-312 dimensional (2D) network (Fig. S3) . The low solubility of the compound may be 313 attributed to these H-bonds as well as to π-π interactions in the solid state. 314
Ligand Speciation Studies 315
Speciation studies were performed in 5% DMSO in 0.1 M NaCl for 8-H 2 QH, 8-H 2 QS 316 and 8-H 2 QT in a range of pH varying from 2 to 12. In the pH range evaluated, there are 317
, where H 2 L is neutral) as shown in Scheme 2. 318
Fitting the variable pH UV-Vis data for the compounds affords three pK a values for 319 each compound (Table 3) , with the speciation diagrams shown in Fig. 3 . 320
Insert Table 3 321
The pK a values for HCQ have been reported as pK a1 3.17 ± 0.11 and pK a2 8.05 ± 0.08 at 322 25 °C. 82 The pK a1 refers to the deprotonation of the pyridine nitrogen and pK a2 refers to 323 deprotonation of the hydroxyl oxygen. The pK a1 values for the 8-hydroxyquinoline 324 derivatives studied are in accordance with the value reported in the literature for HCQ. 325
The pK a1 value for 8-H 2 QH is lower than those measured for 8-H 2 QS and 8-H 2 QT. 8-326 H 2 QH displays a tautomeric equilibrium in solution (Fig. S1) , that increases the 327 electron-withdrawing effect of the hydrazone moiety on the quinoline scaffold. 328
Consequently, the quinoline has its mesomeric stabilization also increased. 83 Electron-329 withdrawing groups, especially at position 2 of the quinoline, will decrease the electron 330 density on the ring thus reducing the donating ability of the quinoline nitrogen atom. (Fig. 4) Fig. 4  371 
Theoretical Calculations of the Cu II Complexes 372
We further investigated the Cu II complexes of the 8-hydroxyquinoline ligands by 373 theoretical calculations. A previously reported X-ray structure of Cu(8-QT) displays a 374 1:1 ligand:metal stoichiometry, 56 in accordance with our solution analysis (vide supra). 375
The optimized geometry of Cu(8-QT) is in good agreement with the experimental 376 metrical parameters, with coordination sphere bond lengths predicted within  0.06 Å 377 (Fig. S5 and Table S3 ). Based on these results we employed the same functional and 378 basis set to investigate the structures of Cu(8-HQH) 2 and Cu(8-HQS) 2 , and compared 379 the results to the reported 1:2 metal:ligand structure for Cu(CQ) 2 . 87 The X-ray metricals 380 for Cu(CQ) 2 and the computed values are shown in Table 4 . The predicted coordination 381 0.06 Å of the reported data for Cu(CQ) 2 . 87 The computed structure of Cu(8-HQH) 2 is 383 shown in Fig. 5 , all other structures are shown in the Supporting Information (Fig. S5-384 S7). Of interest is the considerable distortion away from a square planar geometry 385 predicted for both Cu(8-HQH) 2 and Cu(8-HQS) 2 (dihedral angle = 42 for both 386 structures) in comparison to the reported structure for Cu(CQ) 2 (dihedral angle = 0). 
Insert Table 4 396
Antioxidant Capacity -TEAC Test 397
Evidence of oxidative stress is widespread in AD, with early neuronal and pathological 398 changes showing indications of oxidative damage. [88] [89] The brain is particularly 399 susceptible to oxidative damage due to the high rate of metabolic activity coupled with 400 relatively low antioxidant levels and low tissue regenerative capacity. 31 We thus studied 401 the antioxidant activity of 8-H 2 
QH, 8-H 2 QS and 8-H 2 QT via the Trolox Equivalent 402
Antioxidant Capacity (TEAC) assay. 48, 70, 90 The ability of the compounds to quench the 403 ABTS˙+ radical cation was compared to Trolox, a water-soluble analog of ±--404 tocopherol (Fig. 6) Insert Fig.7  436 
Monitoring A Aggregation via Native Gel Electrophoresis and Western 437
Blotting 438
It is possible to obtain a more detailed picture of the extent and pathways of A 439 aggregation by using native gel electrophoresis, Western blotting, and TEM analysis 440 techniques. The lower molecular weight, soluble A species can be visualized by native 441 gel electrophoresis and Western blotting, while higher molecular weight and insoluble 442 A aggregates can be revealed by TEM analysis. 22 The aggregation process of the more 443 , with data 467 similar to A  alone. Full particle size analysis data is presented in Table S4 . 468
Insert Fig. 8  469 
Cytotoxic activity 470
For the treatment of AD, to avoid undesirable side-effects, the compounds should 471 demonstrate low cytotoxicity. We investigated the preliminary cytotoxicity of 8- 
